An ecological overview of seven years investigation of Braconidae, a family of parasitoid wasps (Hymenoptera: Ichneumonoidea) and a tyrpho-classification of parasitoids in peatbog areas of South Bohemia, Czech Republic are given. A total of 350 species were recorded in investigated sites, but only five tyrphobionts (1.4%) are proposed: Microchelonus basalis, Microchelonus koponeni, Coloneura ate, Coloneura danica and Myiocephalus niger. All of these species have a boreal-alpine distribution that, in Central Europe, is associated only with peatbogs. Tyrphophilous behaviour is seen in at least four (1.1%) species: Microchelonus pedator, Microchelonus subpedator, Microchelonus karadagi and Microchelonus gravenhorstii; however, a number of other braconids prefer peatbogs because they were more frequently encountered within, rather than outside, the bog habitat. The rest of the braconids (342 species, 97.5%) are tyrphoneutrals, many of them being eurytopic components of various habitats throughout their current ranges. Lists of tyrphobiontic braconids and a brief commentary on species composition, distributional picture of actual ranges, and parasitoid association to bog landscape are provided. Being true refugial habitats for populations in an ever-changing world, peatbogs play a significant role in harboring insect communities.
Introduction
South Bohemian peatbogs are isolated, paleorefugial habitats with unique flora and fauna characteristic of oligotrophic mires. These habitats have developed under specific conditions, predominantly within a "forest tundra climate" (Spitzer 1994) . Parasitic braconid wasps (Hymenoptera: Braconidae) are among the most often encountered components of these ecosystems, and their diversity in peatlands implies the presence of complex interactions among plants, hosts, and parasitoids. Despite previous work (e.g. Enderlein 1908; Krogerus 1960; Finnamore 1994; Papp 1982; Tereshkin 1996; Lozan and Tobias 2002) , faunistic and taxonomic analyses of peatbog braconids remain limited. Little is known about host-parasitoid linkages in peatbogs (Krogerus 1960; Chalmers-Hunt 1969; Havel 1970; Bourn and Warren 1997) , despite their potential importance to bog ecosystems and implications for bogland conservation.
Typically, insects inhabiting peatbogs are classed ecologically as tyrphobionts, tyrphophiles, or tyrphoneutrals (e.g. Spitzer 1994; Spitzer et al. 1999; Spitzer and Danks 2006) , the former being of conservation interest because of their strict dependence on the bog environment. To date, there is no existing ecological classification of Braconidae inhabiting peatbogs. A critical problem is that taxonomic descriptions and records from Central Europe (and elsewhere) do not always include information about habitat, and the records may be false as misidentifications and misinterpretations are rather common in the many groups that are not properly revised. Additionally, limited, and sometimes controversial, data on species ranges and habitat preferences often hinder our understanding of species' bog affinity (for members of the genus Microchelonus as an example, see Telenga 1941; Shenefelt 1973 ).
Here we sampled the braconid parasitoid fauna from 7 sites in South Bohemia and used curated specimens from 7 museums in order to compile a list of tyrphobiontic species (full list of species provided in the Appendix) based on all available geographical information, field data, museum material (Palaearctic only), and direct correspondence with specialists, collection curators and collectors. This is the first large-scale survey of braconid parasitoids in Central Europe, with particular emphasis on the bogs of South Bohemia in the Czech Republic.
Materials and Methods

Site descriptions
The 7 examined bogs span an altitudinal gradient from lowland (470 m) to mountain raised peatbogs (1120 m) and are dominated by Sphagnum mosses, ericaceous Vaccinium shrubs, and, to some degree, forest trees, particularly mountain and bog pine (complex of Pinus mugo s.l.) (Spitzer 1994; Spitzer and Jaro 1993, 1998; Spitzer et al. 2003; Bezd k et al. 2006; Ku era 1995) . Some of the investigated bogs of South Bohemia, particularly in the Trebo Basin, were partially eroded by former human activities that left a succession of vegetation in clearings and hollows after peat exploitation. Following is a brief description of the bogs used in the study (see Figures 1-2 (740 m, 310 ha) near Volary is a core zone of umava National Park. It is a valley peatbog, surrounded by forest and relatively isolated by mountains. Sphagnum spp., Vaccinium uliginosum, and Eriophorum vaginatum comprise the unforested parts of the bog, with some areas of dwarf forest of P. mugo s. lat.; (3) Velká Niva bog (750 m, 120 ha) is near Lenora in the umava Mountains. In outer areas, it is a waterlogged spruce forest, and the central area is open forest of P. mugo s. lat. with patches of Betula pubescens; (4) Chalupská Sla bog (900 m, 116 ha) near Borová Lada is also a core zone of umava National Park. It is an intermediate between valley bog and mountain raised bog, with a central lake, with Betula spp. and Carex spp. in the bog margins, and with an outer ring of mountain pine forest; (5) Jezerní Sla is a montane upland peatbog (1050 -1075m, 190 ha), a core zone in the umava National Park, covered with large islands of Pinus mugo s. lat. and treeless areas of shrubs of Betula nana and Vaccinium spp. in cotton-grass layers; (6) Rokytská Sla (1073 -1119 m, over 250 ha), a core zone in the umava Mts., is a typical mountain-type of raised peatbog, where small, central bog-lakes are surrounded by mountain pines (P. mugo s. lat.), with spruce trees and dwarf birches of B. nana and Vaccinum spp. in opened areas; (7) Luzenská (= Hrani ní) Sla (1130 -1120m), a core zone in the umava National Park, is a complex of several small, raised peatbogs, with several small bog-lakes and shrubs of Vaccinium spp. and P. mugo s. lat., surrounded by norway spruce forest (Picea excelsa). All but Luzenská (= Hrani ní) Sla are National Nature Reserves.
Data are included for three additional peatbog areas in Central Europe using the following museum collections: the National Spitzer et al. 1996 ) (material of MNHV).
Parasitoid material
All newly collected specimens were obtained as part of a project studying the diversity and ecology of insects in Central European bogs from [2001] [2002] [2003] [2004] [2005] [2006] [2007] 
Habitat comparative study
The degree of association to the bog habitat (i.e. status of tyrphobiont, tyrphophilous or tyrphoneutral) was evaluated by combining distributional records, available habitat data, and newly collected data from peatbogs of South Bohemia. Diagrams of soils derived from former or existing peatbogs in Europe, particulary Great Britain and Ireland (Taylor 1983) , were compared in order to understand historical patterns of distribution and follow presumed changes in species ranges. Old series of Braconidae from museum collections (1904 ( -1938 1938 -1954 were analyzed, and checklists ( apek and Luká 1981 Luká , 1989 Koponen and Vikberg 1984; Koponen 1984 Koponen , 1989 Koponen , 1992 apek 1995; O'Connor et al. 1999; Belokobylskij et al. 2003; Belokobylskij 2004; Papp 2005) , catalogues (Telenga 1941; Thomson 1895; Fahringer 1930; Shenefelt 1973; apek and Hofmann 1996) and keys to species (Fischer 1972 (Fischer , 1976 (Fischer , 1993 Papp 1977 Papp , 1995 Papp , 2002 Papp , 2004 Tobias 1976; Tobias et al. 1986 ; Van Achterberg 1988; Tobias and Lozan 1995; Belokobylskij and Tobias 1998, 2000) were all used in order to incorporate all available information on species range and habitat affiliation. Other works related to Braconidae of montane moors and/or highlands in Europe were considered as these areas may also harbor endemics or species with certain microclimatic preferences (Hackman and Meinander 1974; Papp 1982; Papp and Rezbanyai-Reser 1999; Zeman and Van k 1999; Van Achterberg and Rezbanyai-Reser 2001; Tomanovi et al. 2007 ).
Many species from the samples were compared with the available material (including type material and series from elsewhere) from other collections and museums to exclude taxonomical uncertainties, particularly in difficult taxa. Taxonomically unclear/difficult specimens (some Aspilota Förster and Dinotrema Förster species) or morphospecies were not included in our analysis. Series of both males and females of some species have been analysed separately to avoid the problem of linking sexes in sexually dimorphic species. The vast majority of species were also found in adjacent or "non-bog" areas and as a result, only 5 species (1.4%) are proposed here as tyrphobiont taxa ( 
Results and Discussion
Diversity and association to peatbogs
Taxonomic composition of samples
In peatbogs, the cyclostome complex of subfamilies is represented by the Braconinae with three genera and 23 species, the Rogadinae by 15 species of only one genus (Aleiodes Wesmael), the Exothecinae s. l. by five genera and ten species, the Doryctinae by three species, and the Rhyssalinae by two species. Many of these are associated with forest areas in boreal or temperate zones, being widely distributed in Palaearctic and/or Holarctic realms. The polymorphic Euphorinae, present in all studied bogs with 16 genera and 40 species, were locally abundant and also found in other wetlands throughout the country. The carapacebearing Cheloninae wasps were present in peatbogs with four genera and 20 species (Lozan 2006; Lozan et al. unpublished data) . Seemingly, most members of the genus Microchelonus Szépligeti are obviously confined to bog habitat (Lozan and Tobias (Wharton 1986) and were present in almost all of the investigated bogs.
Nocturnality
Crepuscular and/or nocturnal flight activity is well-known in several subfamilies of braconids (Gauld and Huddleston 1976; Jakimavi ius 1979; apek and Luka 1981; Huddleston and Gauld 1988; Quicke 1992; Lozan 2002 Lozan , 2004 . From 26 species in our light trap samples, only one tyrphobiont (M. niger) was present, while the rest seem to be tyrphoneutrals, being widely distributed and not restricted to the bog habitat (Lozan 2002) . Only two species are egg-larval idiobionts (Diospilus Haliday) of coleopteran larvae (Belokobylskij 1996) , and the rest of the species are endoparasitoid koinobionts of either Lepidoptera or Coleoptera, or, rarely, Diptera.
Tyrpho-classification of Braconidae
There is a general lack of ecological data, particularly habitat affinity, for most Hymenoptera Parasitica; therefore, the tyrpho-classification is an attempt to distinguish taxa with different degrees of association to peatbogs. In the samples there were many species, somewhat locally abundant, overwhelmingly dominant in peatbogs and rarely (if at all) present in other habitats within the country; however, recorded habitat data from elsewhere range from forests to meadows and various wetlands (including marshes and peatbogs).
Quantitative indexes in bog samples have not always been reflecting the true connection to peatbogs, as many eurytopic species were numerous within rather than outside and as other species have only been encountered in investigated sites. Several Holarctic species (Ontsira imperator Haliday, Ichneutes reunitor Nees, Anisocyrta perdita Haliday), ranging around the circumboreal forests in the northern hemisphere have also been recorded from peatbogs and, likewise, the other forest type species in the Palaearctic region (Macrocentrus resinellae (L.), Bracon hylobii Ratzeburg, Coeloides abdominalis (Zetterstedt) etc.), which are widely distributed and not connected with peatbogs, could easily be mistreated as highly associated to bogs. Usually, these species are cold-adapted and rather abundant in northern areas ( Van Achterberg 1986; Koponen 2000; Hance et al. 2007 ), so their habitat pictures include not only forests, but also wetlands (swamps, marches, peatbogs), boggy forested areas and upland (alpine) meadows southward, being ecologically confined to their potential forest hosts. Such boreomontane elements as Alysia fuscipennis Haliday, which is a European species occurring in uplands and montane meadows (sometimes abundant), has also been found in peatbogs; however, most specimens were collected in the wet meadows nearby. The Holarctic euphorine species Myiocephalus boops Wesmael is recorded from the Pinetum-sphagnosum community (collected by Malaise trap, abundant) in peatlands of Belarus, swept also from B. nana in boggy areas of Finland (Koponen and Vikberg 1984) and in taiga-forest of Russia (Buryatia, Yakutia, Kamchatka) (Belokobylskij and Tobias 2000) . Nevertheless, all these species are not typical for peatlands, so they are incuded in the tyrphoneutral category.
Tyrphobiontic Braconidae: Species breakdown and habitat affinity This is a very specific and characteristic ecological group restricted to bogs, including five braconid species in our samples, with no evidence of occurrence in other habitats in Central Europe (M. niger is recorded also from high mountain, however, boggy areas). All these species seem to require microclimatic conditions typical for peatbogs. There is no obvious evidence these species are associated closely with bogs through their hosts (and it should not be obligatory), but edaphic conditions are probably among basic ecological determinants in their successful development. All these species are cold adapted with affinities to boreal and subarctic areas in Europe and Asia (Spitzer and Danks 2006 (Szépligeti) and M. atripes (Thomson). We are not sure about the geographical data of labels of some material, so these specimens are excluded (collected in 1931 (collected in -1935 (collected in , Marshal coll.' specimen dates 1904 . There are two additional specimens from Germany in the collection of BMNH with only label numbers and a locality of a rather common name without any details. Another old specimen in the collection of ZIN is labeled only as "Germany". The species is included in the checklist of the Braconidae of Germany (Belokobylskij et al. 2003 ) with reference to Shenefelt (1973) , which reffers to Telenga (1941) , but the material is missing. No specimens from Russia and Asia were found at all, but it does not exclude the species might occur in boggy areas there.
2) Microchelonus koponeni. European species. Described from southeast Sweden in forest and bog areas (Tobias 1995) , it has recently been discovered in several peatbogs of Czech Republic (Lozan and Tobias 2002) . Long series of this species also have been found in MMB collection from other peatbogs throughout the country in the Czech-Moravian highlands and east-northern Moravia (Silesia, Jeseniky Mts.) (old collection [Cheloninae], 1944 -1947 . Newer data also come from Sweden (Tyresta National Park, Ungfars mosse bog -materials of the Swedish Malaise Trap Project). Host unknown.
3) Myiocephalus niger. Trans-Palaearctic distribution: Austria (boggy areas in mountains, 1000-1150m in Alps), Netherlands (sandy area with lake ["fen"] surrounded by forest), Byelorussia (boggy forests), Russia (northwestern Murmansk region; and Siberia -northern taiga, Kamchatka -boggy forests with lakes). In Czech Republic, only from an upland peatbog (1075 m). Host: presumably ants; however, no direct evidence (Belokobylskij 2000) . 4) Coloneura ate. European species. It was described from Sweden, the southernmost Skåne province (Nixon 1943 ) with a maritime climate where the habitat picture relates to large forests, mountains and bogs/peatbogs within. In eastern Denmark (Sealand) its habitat covers boggy areas, similar to that of south Sweden (in Griffiths 1968) . In Czech Republic only from peatbogs. It is also mentioned in the checklist of Braconidae of Hungary (Papp 2005) , but the species occurrence has not been confirmed. Known host: puparia of Liriomyza Mik or Metopomyza Enderlein species (Diptera: Agromyzidae) (Griffiths 1968) . 5) Coloneura danica. European distribution (similar habitat requirements as previous species): Denmark (Sealand, in boggy areas), Czech Republic (only in peatbogs). Known host: Metopomyza nigrohumeralis Hendel (Diptera: Agromyzidae), miners on Carex (Griffiths 1968 ).
These five species are highly stenotopic taxa: typically boreal-alpine species, well confined to peatbogs in southern temperate zones and covering various areas northward, and for M. niger somewhat extended southward in Siberian or Far Eastern northsouth mountain chains or forests and peatbogs.
Tyrphophilous behaviour
While tyrphobiont braconids are ecologically well characterized by the conditions of the bog habitat, the tyrphophiles are not typical for peatbogs and, therefore, not an easily distinguishable category. Members of the subgenus Stylochelonus Hellén species group of the genus Microchelonus were quite abundant in peatlands, but found were also in wet meadows nearby. Comparatively widely distributed in central-northern Europe, Microchelonus (S.) pedator, that is considered a rare species, has been collected in abundance in several peat bogs and surrounding meadows (collection of RMNH, Leiden, Netherlands). Hellén (1958) reported Aphelia paleana (Hübner) (Lepidoptera: Tortricidae) as host for this species; however, there is no reliable evidence of parasitism (Papp 1997) . Taxonomically close to previous species, but lesser known in Europe, is M. (S.) subpedator, which is defined ecologically by the same habitat requirements. M. (S.) karadagi, described from mountain foreststeppe (wood, 'grass + Stipa', in Tobias 1995) area of Crimea peninsula (Kara-Dag) in Ukraine, was recorded from several peatbogs of Czech Republic (but interestingly never outside the bog habitat at all, see Lozan and Tobias 2002) and from bogs of Tyresta National Park in Sweden (materials of Swedish Malaise Trap Project). Another chelonine species, Microchelonus (Parachelonus) gravenhorstii, is likely to be tyrphophilous, occurring in boggy forests and other peatlands. Long series of this species have been in the collections of RMNH (collected in Netherlands and Spain [peatlands of Galicia]) and MIZW (from peatbogs and boggy forests).
Of course, the list can be extended, and further field data are needed to properly evaluate species belonging to certain categories (see Spitzer and Danks 2006) . This is another study case, as tyrphophilous categorization would require long-term and detailed statistical analysis. Not excluded, some mentioned tyrphophiles are in fact tyrphobionts in Central Europe and further complex investigations may change their status.
Tyrphoneutrals
The rest of the studied Braconidae are considered tyrphoneutrals, most of them having a more general distribution (e.g. generalists, see Lozan 2002; Spitzer and Danks 2006) and/or eurytopic components of various habitats. In peatlands they could be either abundant (especially some Cotesia Cameron, Apanteles Förster, Microgaster Latreille, Dacnusa Haliday etc.) or rare species, but never characteristic to bogs. For many of them the bog habitat may be a true refuge, where they can survive and/or find an alternative habitat as a result of changes in environment. However, a certain degree of tyrphobiontic and/or tyrphophile tendency can be found in various groups among Braconidae. As there exists lots of taxonomic issues over species validity and many parasitoid species awaiting discovery, understanding the "shifts" in ecological preference of parasitoids and the mechanisms driving it, e.g. generalist/specialist versus habitat/host affinity, are sometimes very problematic.
Parasitoids and Bog Landscape
It is already beyond question that the bog environment is rather heterogeneous and provides important habitat conditions for insects (Spitzer and Danks 2006) . Presence of patches of trees/shrubs in an opened, treeless area is just emphasizing the role of bog habitat in enhancing parasitoid diversity and raising affinity to the habitat (see Roland 2000) . Being mostly niche specific, parasitoids are searching for particular microhabitat or host food niche (see Hawkins 1994) , which can be found in a host-rich environment such as peatbogs. Hawkins (1994) also pointed out that hymenopterous generalist (idiobiont) and specialist (koinobiont) parasitoids respond differentially to plant architecture, and plant effects are strongest in natural habitats. Despite the fact that parasitoids may actually respond differentially to vegetation assemblages, the results show that the bog habitat adequately supports this high clade of species richness, where koinobiont braconids are predominant.
Conclusions
A total of 350 species of Braconidae that were properly identified is only a part of the entomofauna of Hymenoptera Parasitica of Central European peatbogs. While most of the collected braconid parasitoids are tyrphoneutral taxa (341 species, 97.5%), with many of them giving obvious preference to peatbogs, a fewer number of them are associated to bogs, e.g. five tryphobiontic (1.4%) and at least four tyrphophilous (1.1%) species, indicating intrinsic processes characteristic to this habitat only.
As the environment changes, by human intervention or by natural influences, the issues of biodiversity and habitat conservation are extremely important. The bog fauna of braconid parasitoids turned out to be very rich, emphasizing the fact that these habitats provide shelter to numerous guilds and groupings, some of which are unique and many of which remain unknown. No doubt some communities contain many hidden cryptic species, and their real diversity should be much higher, especially among traditionally difficult taxonomic groups such as the parasitic Hymenoptera and their hosts (Quicke 2002 
